Abstract
Introduction
Hybrid Vehicle (HV) was now undergoing rapid development under the pressure of energy resource and environment preservation issues. Hybrid Vehicle had at less two energy resources to drive considering about real driving cycle demand. It could improve the economics and emission of Vehicle and adapted to city vehicle [1] [2] . Fuel consumption economics and exhaust character were improved by using HV than traditional vehicle. For that reason HV was adapted to city vehicle [3] .
Energy utilization is a major aspect of measuring the various indicators of hybrid vehicles. With the rapid development and commercialization of the HEVin recent years, the energy consumption test procedure of hybrid vehicle waits for study urgently. There are two problems of affecting the energy consumption test procedure of hybrid vehicles, one is the relationship between the fuel economy and the SOC change after the energy storage device testing.Another problem is the different impact of recovery currentin the road test and dynamometer test [4] .
In this paper, the method of tests and assessment for the fuel economy of hybrid vehicles is studied through analysis of HEV energy utilization experiment. The experiment evaluation of HEV fuel consumption is studied, the method of hybrid vehicles fuel consumption experiment test is analyzed through experiment test on the HEV chassis dynamometer and actual road [5] [6] .
Fuel consumption test experiment of hybrid vehicles

Test experiment content
The test is divided into two parts, a portion of the chassis dynamometer test according to NEDC cycle and a portion of the actual road test. The test system consists of chassis dynamometer, CVS and gas analyzer, etc [7] . And increasing wattmeterand related current sensorsare for measuringthe charge and dischargeamount of vehicle battery [8] . Wattmeteris equipped with two current sensors respectively measuring a current value of the two power battery main wire. The HEVmain battery SOC, the current charge and discharge value data can be read using CAN bus signal read records softwareCanMoniter provided by the vehicle manufacturer [9] [10] .
The chassis dynamometer detects the vehicle dynamics, emission targets and fuel consumption of multiple loading conditions through vehicle simulating road driving conditions on indoor bench. Chassis dynamometer for Hybrid Electric Vehicle can synthetically test hybrid car vehicle include batteries, motors, energy management system and braking energy recovery system. In the trial, establishing the relationship between the bench and the real vehicle, and simulating the rolling resistance, air resistance and acceleration resistance of Hybrid Electric Vehicle can simulate hybrid vehicle road test indoor to shorten the test cycle. Hybrid vehicle chassis dynamometer test bench can analyze and evaluate the pros and cons of control scheme, is the infrastructure for hybrid electric vehicle development.
The HEV dynamometer test benchexperiment is according to new European driving cycle NEDC, which is shown as figure 1. The experimental vehicle parked 6 hours at room temperature 20 to 30 degrees, then warm machine 40 s, and experiment is carried out according to the urban driving cycle ECE15 for 4 consecutive times cycles and suburban driving cycleEUDC for one cycle. The whole experimentalcirculation timesustained 23 minutes, corresponding driving distance is 11 km, the average speed is 32.5km / h, and the maximum speed is 120km / h. The car was placed on a chassis dynamometer, Thedriverdrive the car according to a prescribed driving cycle with the help of display screen displaying the actual and theoretical driving cycle speed [11] .
The hybrid vehicle evaluation needs a long time experimental running, because the additional energyprovided by the engine management is not sufficient for RESS systemaffecting the SOC state.The many times long test cycle canincrease the possibility oflow net energy change (NEC)at the cyclestart and end. The Experimental driving cyclelasted for4000s in road experiment and 10 times repeating NEDC cycle on the chassis dynamometer [12] [13] .
Test and calculating method
Harmonized test method isadopted for different energy storage device [14] [15] . The current and voltagevalue of the electric power meter real-time detection energy storage system transform to the current energy changeby integral, the discharge is positive, and the charging is negative. The net energy change NEC is obtained according to the electric power meter parameters through integral. The energy change of the RESS system must be monitored during the test, the NEC of the power batterybe calculated by the equation (1).
NEC is the net energy change, itsunit is the Joule (J) in the formula; I is the input or outputcurrent of power batterybus, its unit is ampere (A); U is the voltage of power battery, its unit is volt (V);t is the time, its unit is the second (s)
The method is through the power meter 20HZ or more frequencies to detect the current and voltage, and finally through the integral to calculatethe final power change. The method with high precision is suitable for different energy storage systems, because the NEC value calculated by integral is real-time monitored [16] [17] .
The energy consumption of the vehicleis the sum of electric energy and fuel consumption after each test cycle, it requires unified unit and then calculated. The formula of power consumptiontransforming intofuel consumptionis calculated as follows: 3600
E k is the power consumption during test process, its unit is kilowatt-hour (kwh);D fuel is the fuel density, its unit is the grams per cubic centimeter (g/cm3);Q fuel-low is the low calorific value of fuel combustion, its unit is jouleper gram (J / g); eng is the average efficiency of the engine under charging condition;  gen is the average efficiency of the generator under power generationcondition; V fuel is the equivalent amount of the fuel cycle, its unit is liter (L).
Assuming under power generationcondition, the average efficiency of the diesel engine is 35%, the average motor power generation efficiency is 85%, the formula above can be simplified asfollows: 3600 3600 0.85 43000 0.35 0.85 3.02
That is 1 L combustion volumeis equivalent to3.02 kWh electric energy
The experiment test result and analysis
The test is divided into two parts，a portion of the chassis dynamometer test according to NEDC cycle and a portion of the actual road test. The Experimental driving cycle lasted for 4000s in road experiment and 10 times repeating NEDC cycle on the chassis dynamometer [18] [19] .
The test is carried out when 3000kmmileage, a current sensorclipped to the battery cathode leading line measures current in the test.The charge-discharge net value is obtained through time integralof the Study of Fuel Consumption Test Method for Hybrid Vehicles Shupeng Zhao, Miao Tian, Shifang Zhang, Jiuxi Li electric meter current. The HEV main battery SOC, the current charge and discharge value data can be read using CAN bus signal read records software CanMoniter. A portion of experiment statistical data is shown in the The HEV electric drive, the power generationsystem, and the engine system isintercoupling, the vehicle power system running mode includes enginedrive, electric drive, deceleration chargeetc.Certain modeis to charge the battery, and certain mode is to discharge the battery. According to characteristics of the car's main battery (Nickel metal hydride battery), a certain section of the range of SOC is the most suitable for the HEV. HEV control scheme generally have a battery SOC target equilibrium value for the SOC keeping in the most appropriate rangeduring traveling of the vehicle. Control schemeappropriatelyregulatingthe working conditions of the power system, the main battery SOC is controlled in the vicinity of the equilibrium value; it reserves spacefor the next charging / discharging process. When Running acycle, if the initial moment SOC of vehicle is too much higher than the target equilibrium value, the power system will run longer in the discharged state, so the SOC will close to the target equilibrium value at the end of test, and it will generally be smaller than the initial SOC, △ SOC is negative. If the initial moment SOC is far lower than the target equilibrium value, the charging process will be better than the discharge process, △ SOC is positive. 
Result of fuel consumption test
Fuel consumption test according to NEDC cycle adopts a current sensor measuring the dominant line current of the battery positive, the charge-discharge net value Qis obtained through time integral of the electric meter current.
The battery SOC state is the ratio of the remaining battery power with the total capacity. The corresponding relationship exists betweenQ and SOC for a certain battery. When the initial SOC is in the vicinity of the equilibrium value of SOC, Q and the initial SOC approximate as a linear relationship,the amount of battery chargebecomes smaller with the initial SOC bigger. The situation shown in Figure 2 is mainly caused by strong charging during the high-speed segment deceleration process at the end ofcycle. Because the experiment ends after that situation, the results of these experiments show that the net value of charge-discharge is rechargeable [20] [21] .
The figure below shows the vehicle fuel consumption and the Q value according to NEDC test. The distribution of data pointsshows thatthe fuel consumption measured by CVS and the net value of charge-discharge is linear relationship. A fitted line is obtained by the least square method. The intersectionpoint ofthe fitted line and the vertical axis, namely Q=0, is fuelconsumption, fuel consumption according to ECE is 4.2 (L/100km). The hybrid vehiclesavesfuel consumption more than 30% than the traditional car with the same displacement The HEV fuel consumption experimental is typically according to GB/T19753-2005, Q=-0.2～ 0.3Ah. The manufacturers need to provide the slope of the fitted line shown in Figure 8 to the certified laboratory when the authentication test is carried out.A experiment is carried out in the certification test laboratories, the value of the measured fuel consumption is correctedusing the slope and the measured Q value. The pretreatment process of HEV fuel consumption experiment is composed of two NEDC cycles, providing a longer charge and discharge adjustment process, the initial SOCis in the vicinity ofthe net value of charge-dischargeclose to zero, so the SOC is generally not too high or too low at the end of preprocessing, this SOC is the initial SOC of the formal testing procedure, so the Q value is often in the vicinity of zero.
Conclusion
The experiment evaluation of HEV fuel consumption is studied, the method of hybrid vehicles fuel consumption experiment test is analyzed through experiment test on the HEV chassis dynamometer and actual road. We obtain some regularityof hybrid vehiclesenergy consumption and hybrid vehicles fuel consumption test method through studying lightweight hybrid vehicles fuel economy. The different initial SOC of energy storage device and SOC changeaffectingfuel economy is analyzed, the study shows that the HEV fuel consumption and the net value of charge-discharge is linear relationship. A fitted line is obtained by the least square method, the intersection point of the fitted line and the vertical axis, namely Q=0, is fuel consumption.
